In a 1981 review, Doll and Peto estimated that approximately 35% of cancer deaths in the United States were potentially avoidable by the modification of diet but that this percentage might be as low as 10% or as high as 70%. Since that time, the epidemiologic literature on diet and cancer has grown greatly, as has understanding of the mechanisms of carcinogenesis. In general, this expanded literature has not provided reason to alter the Doll and Peto estimate substantially. For colon cancer, evidence has accumulated that some of the international differences that were attributed to diet are probably due to physical activity. For breast cancer, the concept that fat intake per se is the primary reason for differences in rates among countries has not been supported by prospective studies. Although several lines of evidence suggest that caloric restriction and slow growth rates may contribute importantly to the low rates of breast cancer found outside Western countries, this may not translate directly to practical means of prevention. In contrast to breast cancer, more recent data have supported a causative role for red meat in the development of colon and prostate cancers, although perhaps not entirely due to its fat content. Whereas earlier thinking about nutrition and cancer emphasized the adverse effects of fat and other components in the diet, the most compelling evidence of the last decade has indicated the importance of protective factors, largely unidentified, in fruits and vegetables. Considering the more recent evidence, it is roughly estimated that about 32% of cancer may be avoidable by changes in diet; however, it now seems unlikely that less than 20% or more than 42% of cancer deaths would be avoidable by dietary change. -Environ Health Perspect 103(Suppl 8): 165-170 (1995) 
Introduction
Over the years we have learned a great deal about diet in the cause and prevention of cancer, and in a brief review one can only superficially address the large and rapidly growing literature on this topic. While much remains to be learned, evidence is sufficient to draw several practical and important conclusions. As a starting point, this overview will use Doll 24 March 1995. Supported by research grants HL35464 and CA55075 from the National Institutes of Health and Special Institution grant 18 from the American Cancer Society.
The method Doll and Peto used to arrive at their estimate is not totally clear, but they invoked the approach ofguesstimation, which is still an appropriate technology at this time for this issue. Doll and Peto considered possible dietary relationships with the main site-specific cancers, and then presumably used some sort of weighting by the number of specific cancer deaths to obtain their estimate. The method by which they derived their confidence interval is considerably less clear.
To begin with, I will review the state of knowledge regarding diet in relationship to the major causes of cancer death, since this is where the greatest quantitative impact is likely to exist.
Colon Cancer
For colon cancer, a large-at least 60-foldvariation in rates exists among countries (2) . Also, the international correlations with dietary factors are extremely strong; the correlation is high for fat but is even stronger (r= 0.9) for meat consumption ( Figure 1 ). Vegetable fat, however, is not associated with colon cancer rates internationally (3). These correlations have been a major source of hypotheses and have generated considerable research on dietary fat and meat consumption in relation to colon cancer. Howe et al. (4) have summarized data from 13 case-control studies and found a clear positive association between total energy intake and risk of colon cancer, which was also quite apparent from the individual studies. However, when adjusted for total energy intake, total fat and specific types of fat essentially had no relationships with colon cancer (G Howe, personal communication). Thus, the fat composition of the diet, in case-control studies overall, does not appear to be associated with risk of colon cancer.
The relationship between diet and colon cancer has now also been examined in several prospective studies (Table 1) . In none of them has there been any suggestion of a positive association with total energy intake, which can be interpreted as evidence for recall bias in the case-control studies. Also, total fat intake has not been clearly related to colon cancer risk in the prospective studies. We reported a relative risk of nearly two for high, compared with low, animal fat intake in the Nurses' Health Study (5) , but when adjusted for red meat, the association with animal fat disappeared, (6) . In Holland, colon cancer risk was associated with processed, although not with fresh, meat (7) . In the Health Professionals Follow-Up Study, a strong relationship was seen between red meat consumption and risk of colon cancer (8) , but there was no association with animal fat or total fat intake. A similar association with red meat consumption was also seen in relationship to risk of large bowel adenoma in this same group of men (9) . Thus, the evidence seems fairly strong that there is not a strong association between fat composition of the diet per se and risk of colon cancer. There is much more evidence that some component of red meat-and a number of hypotheses have been proposed-is related to risk of colon cancer.
The relationship of vegetable and fruit consumption or fiber intake to colon cancer risk has been examined in many studies (10) . Many of these studies were conducted under the hypothesis that fiber intake is protective and, indeed, the results from case-control studies have been impressively consistent. Collectively, they suggest that something in fruit and vegetables is protective; however, consumption of grains has not generally been related to reduced risk (11) . Again, in the pooled analyses of 13 case-control studies by Howe et al., there were inverse associations with fiber, vitamin C, and beta-carotene, but, adjusted for one another, fiber intake appeared to be the primary protective factor (4). The prospective studies of fiber and colon cancer are not as impressive as the case-control studies (Table 2 ). In general, the relative risks have been less than one for higher intake of fiber, but they are not as markedly reduced as in the case-control studies. In our cohort of men, in fact, we saw no protective relationship at all with fiber (8) , and in the Nurses' Health Study, the relationship was quite weak (5). In the Iowa Women's Study, the association was also weak and was not statistically significant (12) . Although a stronger inverse association was seen in the American Cancer Society cohort (13) , only fatal cases were included and this may have resulted in bias if persons with higher fiber intake were more likely to seek regular screening, an association we have observed in our cohort of men. Thus, in studies less subject to methodologic artifact, it has become less clear that fiber has a major protective effect against colon cancer.
One area of major recent interest has been a possible protective effect of folic acid intake against colon cancer. Moreover, there is evidence that risk may be particularly elevated when low folate intake is combined with alcohol consumption, which does appear related to risk of large bowel cancer. In a case-control study by Freudenheim et al. (14) , high intake of folic acid was apparently protective, and the combination of low folic acid and high alcohol intake was particularly deleterious. In analyses conducted by Giovannucci et al., inverse relationships with intake of folic acid and methionine (the main methyl donor) and a positive association with alcohol intake were seen for both colon cancers (15) and adenomas (16) . Emerging evidence from research on congenital malformations (17) and cardiovascular disease (18) suggests that U.S. diets are inadequate in folic acid, and colon cancer may be another consequence.
Another hypothesis that has received much attention is that high intake ofdietary calcium protects against colon cancer. The cohort studies and the case-control studies generally suggest a fairly consistent inverse association with higher intake of calcium (19) . However, this relationship illustrates the importance of examining foods as well as nutrients and noting the nature of the dose-response relationship; otherwise, the findings may be misleading. The temptation is, of course, to advise drinking four glasses of milk a day, given the data on calcium intake. However, in data from both the Health Professionals Follow-Up Study (Kearney et al., unpublished data) and the Iowa Women's Study (19) , there was little overall trend with calcium intake. Moreover, there was not a substantially reduced risk with higher intake; if anything, the only association was with a slightly increased risk at low calcium intake. And, when we examined milk itself, there was no suggestion of any beneficial effect. The slight protective association with calcium intake seemed to be coming from the nondairy sources, which are largely vegetables and grains. Therefore, support for a substantial effect of calcium against colon cancer is weak but needs further examination.
In their review, Doll and Peto attributed 90% of colon cancer mortality to dietary factors. Presumably, their assumption was that most of the international variation was accounted for by diet. This now appears questionable because a large literature suggests quite strongly that physical activity protects against colon cancer (20) (21) (22) (23) (24) . Although the relative risks (RR) appeared somewhat impressive (RR= 1.35 for 100 g of fat per day, an unrealistic change for virtually all women), in the scale of percent of energy, the relative risk is only about 1.06 for 40% of energy compared with 30% of energy. Thus, although it was statistically significant, this was a weak association for a change in fat intake that has been widely advocated.
The prospective studies on fat and breast cancer, again less subject to methodologic bias, seem to be providing a different answer. Comparing the highest and lowest categories of fat intake, there were no significant increases in risk, and the (Table 3) . Thus, suggestion of a positive associa total fat intake and breast c prospective data.
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. Energy restriction and reduced growth rates almost certainly operate in part by delaying age at menarche (34), which has long been known to decrease the risk of breast cancer. Additional mechanisms are also likely to operate, as energy restriction reduces the incidence of many tumors in animals, and reduced stature has also been associated with lower risk of other human cancers (33, 35) . Alcohol, discussed elsewhere in this symposium, is the other well-established dietary risk factor for breast cancer (25, 36) . Accumulating evidence suggests that this effect is likely to be mediated by increased endogenous estrogen levels (37) .
Considerable evidence also suggests that vitamin A intake is inversely associated with breast cancer risk; this has been seen in multiple case-control studies and now also in cohort studies. Reduced risks Volume 103, Supplement 8, November 1995
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among women with higher vitamin A intake were seen in both the Nurses' Health Study (38) and the Canadian Prospective Breast Cancer Study (39) . Interestingly, and in contrast to virtually all other cancers, this association seemed to be strongest when intake included vitamin A both from animal and vegetable sources, suggesting that protective effects were not due only to carotenoid or a antioxidant actions. An effect of vitamin A per se would be consistent with a tumor-suppressing action seen in animal models of mammary carcinogenesis (40) .
Prostate Cancer
The third major cancer to be addressed here is prostate cancer. Again, large differences in prostate cancer rates are seen internationally, and strong positive correlations exist with fat intake and red meat consumption (2). As for breast and colon cancer, this has led to hypotheses that dietary fat might be important in the etiology of prostate cancer.
The relationship between dietary fat and prostate cancer risk has been examined in a few case-control studies, and most of them have suggested some association in one subgroup or another. However, findings have not been consistent regarding the subgroups in which these associations exist. In prospective data from our cohort of men, we found evidence that fat, particularly animal fat, was important (41) . This association was only with the advanced stages of prostate cancer, which is the form that varies among countries. The more benign type of prostate cancer is distributed rather equally around the world, so dietary factors may be particularly important in the transition from the relatively benign to the more aggressive form of prostate cancer. When we examined associations with specific fatty acids, alphalinolenic acid was mostly strongly associated with risk; in this population, this essential polyunsaturated fat was obtained mainly from red meat. The association between diet and prostate cancer has recently been examined in a prospective study in Hawaii. Again, positive associations with animal fat and beef consumption were seen (42) . Although additional data are clearly needed, present evidence does suggest that animal fat may be an important cause of prostate cancer.
Lung Cancer
Approximately two dozen case-control and cohort studies have examined the relationship between vitamin A-containing foods and risk of lung cancer (43) . In these studies, there is highly consistent evidence of an inverse association with carotenoid intake but not with intake of preformed vitamin A. The relative risks have generally been about 0.7 or 0.6 for high compared with low intakes. This evidence has raised the hypothesis that beta-carotene is a specific protective factor for lung cancer (44) . Studies using prospectively collected blood have consistently found an inverse association between serum beta-carotene levels and subsequent risk of lung cancer (43) . Taken together, evidence is strong that a phytochemical in fruits and vegetables, possibly a carotenoid or something associated closely with beta-carotene in the diet, protects against lung cancer.
Steinmetz and Potter (45) Again, all these estimates are very rough, and one can argue with any one of them. Nevertheless, the collective data provide evidence that diet does play an important role in the cause and prevention of cancers, and, coupled with evidence for cardiovascular disease, one can sensibly recommend an abundant consumption of fruits and vegetables and low intake of red meat. Further research to identify the optimal amounts and types of fruits and vegetables in the diet and the factors in these foods and meat that account for their relationships with cancer incidence is likely to be fruitful.
